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NASA Grant NG! 47-004-067
Measurement of the Ground Wind Structure;.
Semi-Annual Status Report
December 1970
Since June 1970 when this grant was awarded to Virginia Polytechnic
Institute and State University, several faculty members have participated
in this research program. As a result of the fulfillment of previously
established commitments of some of the investigators during the summer
period, the actual research did not commence until September 23, 1970 at
the beginning of the academic year 1970-71.
Most of the summer period of 1970 was spent on planning and organiza-
tion of this research program by the principal investigator, Dr. Tieleman
at NASA, Wallops Station. Several meetings were held with Mr. J.F. Spurling,
Head, Meteorological Projects and Systems Section and monitor of this re-
search grant, Mr. W.H. West, Head, Instrumentation Development Branch and
Mr. J.W. Gray, all of NASA, Wallops Station. These meetings led to the fol-
lowing agreements:
1. VPI and SU will be the procurer of all hardware.
A
2. Mr. J.W. Gray will be involved in this research program and at all
times will be kept completely informed with the data acquisition system and
sensor system.
3. The data acquisition system will be mounted in a--trailer provided
by NASA, Wallops Station.
4. The data acquisition and sensor system will be tested and simultan=" -
eously used for the experimental vort^x investigation in the low-speed wind
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tunnel at VPI and SU.
5. Computer programs for the analysis of experimental data will be
developed for the IBM 360/50-65 computer at the University.
6. After the wind tunnel program, the sensors will be mounted on the
300 ft. meteorological tower at NASA, Wallops Station.
7. The existing meteorological and data handling system on the 250
ft. and the 300 ft. towers should be calibrated and checked out by NASA,
Wallops Station.
8. Data of the winds in the lower 300 ft. will be obtained and analyzed
with the existing equipment as well as with the new sensor system.
9. As a result of this experimental program, existing similarity theories
for the turbulent winds in the lower 300 ft. will be refined for the actual
conditions at Wallops Island.
10. Once the previous tasks are performed, the existing sensor system
at Wallops Island will be able to estimate statistical averages of the wind
conditions (local turbulence) in -the first 300 ft. at any moment provided the
ground roughness in the surrounding areas at Wallops Island is not changed
appreciably.
11. NASA, Wallops Station should indicate and discuss at the earliest
possible time how the proposed sensor and data acquisition system may support
future NASA research programs.
The invitation to bids on Vx-data-acquisitlon--gys-tem sfiould leave the
purchasing depa rtment at VPI and SU late December 1970. The supply companies
involved will have 30 days to submit:-bids. After evaluation ofthe-entered--
bids by Dr. Wood and Dr. Tieleman;"Mr. Spurling, Me. -- West, and Mr. Gray of
6
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NASA, Wallops Station will be asked to give their evaluation in order that
at all times complete agreement exists between the grantee and NASA. So
far, the cooperation with the authorities at NASA, Wallops Station has been
excellent and it is anticipated that this cooperation will be maintained
throughout the period of this research grant. In view of the possible four
month delivery period, it is anticipated that installation of the hardware
will not commence until June 1971. Installation, testing. and experimental
vortex study will take at least four months. As a result, the sensors will
be mounted on the 300 ft. meteorological tower at Wallops Island in October
1971 at the earliest.
Investigations were made during the summer of 1970 as to the type of
sensors which would be capable to make the required measurements. It was
decided that for the purpose of this research program the total-vector ane-
mometer system TSI-1080 manufactured by Thermo-Systems, Inc. was the most
suitable sensor. Dr. Tieleman and Mr. Gray of the Instrumentation Develop-
ment Branch of NASA, Wallops Station travelled to St. Paul, Minnesota to
visit the TSI factory. Several questions regarding the Model 1080 anemometer
system were discussed with Dr. Fingerson and Dr. Kurz of TSI. After this
visit, it was decided that the total-vector anemometer Model 1080 was the
best suitable sensor system for this research program. On October 28, 1970
an order was placed by the purchasing agent of VPI and SU with Thermo-Systems
Inc. for two Total Vector Hot,Film anemometer systems Model 1080, with the
following options: 0-5 Volt adjustable analog output, option 06 remote actuated
shield, cables model 10117-(350), response-greater than 100Hz. The unit price
for this sensor system was quoted as $4295.00 with a delivery period of six
weeks.
Dr. Marchman in charge of wind tunnel testing and aircraft-wake turbulence
63
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studies started his part of the program July 27, 1970. He attended the tech-
nical symposium on "Aircraft-Wake Turbulence" from-September 1 to 3 in Seattle,
Washington. This meeting was sponsored by the Boeing Scientific Research Lab-
oratory and by the Air Force Office of Scientific Research. The reason for
attending this meeting was to get acquainted with the current status of the
research in the field of aircraft-wake turbulence and vortex flows. A detailed
experimental and analytical program dealing with these particular topics is
described in this report under the title of Aircraft-Wake Vortex Study.
In order to carry out the experimental vortex study in the low-speed wind
tunnel the following equipment was ordered;
1. Potentiometers and motors for the traversing mechanism $108.71 from
the Came-radio Co. in Pittsburg, Pa.
2. SAI Bubble Generator, Model 3 with high and low speed head and SAI
1035 bubble film solution for $696.00 from Sage Action, Inc. at Ithaca, N.Y.
Dr. Wood, advisor on instrumentation and data acquisition began his par-
ticipation on September 23, 1970. Dr. Wood has been working on the formula-
tion of the specifications of the proposed data-measuring and data-acquisition
system. Several preliminary meetings have been held with possible suppliers
of required electronic equipment. A meteorological data-measuring and data-
acquisition system has now been conceived which will make it possible to
perform the measurements and acquire these data in a form compatible to the
IBM 360/50-65 computer. The specifications for the data-acquisition system
are included in this report as a separate chapter.
Professor Maher, program coordinator-and advisor has participated for
10% time since the start of the fall quarter 1970. His involvement so far
has included suggestions of seminars by the various investigators and advice
3
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on budget and interpretation of accounting procedures. At the start of the
fall quarter one lecture was given by each of the participating faculty mem-
bers on his particular phase of this research program in order to familiar-
ize the graduate students and the faculty members with the program.
Professor Maher has also paid attention to the details of the existing 	 i
meteorological tower at Wallops Island in addition to reviewing papers on
interference effects of the tower on the instrumentation mounted on it. With
the use of more advanced instrumentation, the question of vibration of the
tower itself and of the instrumentation mounting-arms may become more criti-
cal. Preliminary analysis and proposed test programs are presently contem-
plated to investigate these problems.
Dr. Hoshiya in charge of computer programming and statistical analysis
is participating this fall quarter on 30% time. He has two graduate students
assigned to him because at the present time it is in the field of programming
that most progress can be made. The problems dealing with the statistical
analysis of digital data representing the atmospheric turbulence are not sim-
ple. The processing of stationary and random time series has become very im-
portant with the development of the concept of power spectral density analysis 3
of digitized data.	 Various methods for the computation of spectra and cross
,
spectra from digitized data do exist. 	 The methods are still
	
being improved in
view of the large amount of data which is involved in the analysis of atmos-
pheric turbulence data.	 Without doubt, the minimizing of computer time is an
extremely important consideration in the choice of an algorithm, because of
	 j
the large amount of data involved,__and the desired degree of accuracy.
At the present-Dr. Hoshiya is developing a computer program which-will
produce digital data representing the streamwise component of the atmospheric
•
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turbulence. These wandom wind data are based on Davenport's empirical spec-
trum for the strewia-rise wind variation. The statistical averages of these
data are known and consequently, the random data can be used to check the
software which is currently being developed. A VPI and SU technical report
is being prepared in which details of this analysis will be discussed.
0AIRCRAFT VORTEX STUDY
A major effort of the ground wind measurement research program is
centered in the problem of the aircraft trailing-vortex. Trailing vor-
tices have become a major problem in the near ground (landing and take-
off) segments of aircraft flights. Because of a lack of understanding
of many of the basic concepts of generation and dissipation of trailing 	 i
vortices, it is currently not possible to obtain permanent solutions to
the problems caused by these flows. No present theory can adequately
describe vortex creation and dissipation in any general sense and a lack 	 3
of experimental evidence hinders further theory development. Hence, a
two part program composed of experimental and theoretical investigations
of aircraft vortices has been undertaken as part of the overall ground-
wind research program.
The object of this experimental and theoretical study is to learn
enough about the vortex in order to make effective use of the hot-film
data taken of full scale vortices near airports. It is hoped that the
instrumentation developed will make possible accurate determination of
vortex dissipation at airports and the effect of local winds, buildings,
and other parameters on their dissipation.
EXPERIMENTAL VORTEX INVESTIGATION
In addition to using the Virginia Tech 6' - x 6' - turinel to perform
calibration and evaluation tests on the threw-dimensional hot-wire ane-
mc,iieter system being developed in the project, wind-tunnel tests will
also be used in an attempt to better understand the basic nature of an
-7-
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aircraft wing-tip vortex. The past four months have been spent An laying
the groundwork for such a detailed wind tunnel study.
From an extensive literature search it was found that past experimental
studies of wing-tip vortices had been less than satisfactory in terms of
building a basic knowledge of vortex structure and decay. Experiments have
been scattered and varied in technique and quality and have resulted in much
unconfirmed and unrelated data. Hence the conclusion reached was that any
study would have to be very basic in nature and conducted with a degree of
thoroughness not reflected in past investigations. The problem would have
to be attacked experimentally to fully understand the importance and rela-
tionships of the various parameters governing a trailing vortex. It is, for
example, hardly worthwhile to study the effect of atmospheric turbulence on
a vortex unless the nature of the vortex is first at least partially under-
.
stood.
The tentative program of investigation has been prepared to allow for
flexibility in both types of studies that can be made Cdifferent wings, flaps,
etc.) and in methods of measurement (pressure measurement, flow visualization,
hot-wire anemometry, etc.). Flow visualization will be accomplished using
tuft screens behind the wing in the wind tunnel, smoke (both in the tunnel
and for outdoor, full scale tests) and neutrally buoyant helium filled bub-
bles in the flow. These methods will make possible both initial observation
of the vortices and velocity data through photographic data reduction (par-
ticularly in the case of the helium filled bubbles).
Pressure measurements will be made with standard pitot-,static, pitot,
and static probes and also with a specially designed yaw-head probe with
space resolution of less than 1/8." A special three dimensional traverse
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mechanism is being constructed to allow exact placement of a small probe
in the vortex with a minimum flow disturbance. It is hoped that complete
profiles of static and stagnation pressures in r; vortex can be measured at
several stations downstream of the wing.
The traversing mechanism will also be used for turbulence measurements
in the i0aka vortex flow. Both conventional and the new three-dimensional
hot-film instruments will be used in the study. This instrumentation will
be used to verify velocities determined in the pressure and visualization
studies and to determine turbulence characteristics in the vortex. From these
measurements it should be possible to determine an improved eddy-viscosity
model for vortex flow.
Currently, probes and a traversing mechanism are being constructed and
assembled and flow in the wind tunnel test section re-calibrated. Some ini-
tial tuft-screen visualization tests have been conducted to determine the
feasibility of the planned studies. It is expected that the full, detailed
investigation will be under way by January 1, 1971. It is hoped that the
thorough nature of this experiment will prove valuable to all aspects of the
overall project.
THEORETICAL VORTEX INVESTIGATION
In the past twenty years there have been many studies made on vortex
motion, but it-has  only been-in the last few years, -wUh__the appearance of
large aircraft, that much consideration has been given to the-trailing tip-
vortex. Early studies that have some direct application to the study of
trailing tip-vortices are Donaldson's (1) _similar..solutions_for_axisymnetric
line-vortices, W.S. Lewellen's (2) solution for three-dimensional vortices,
•
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and Stieger and Bloom's
	 (3) work on axisymmetric swirling flows.
One of the first researchers to make significant advances in the area
33
of the trailing vortex was M.G. Hall	 (4-7).	 Reference 5 is a very good
summary of the work done up to 1966 on the tip vortex problem. The work
on tip vortices generally falls into one the three classes:
1.	 study of the inner core region (forced vortex region that rotates
as if it were a solid body) and the outer region (free-vortex region where
the tangential velocity decreases exponentially to zero at the outer edge)
(4) ,
2. attempted solutions to the Navier-Stokes equations for the core
region only which will predict vortex breakdown (7),
3. reduction of the Navier-Stokes equations to a form that can be
solved in an oversimplified form, as Squires (8) did in 1965.
There has been no numerical solution of the Navier-Stokes equations
for the trailing vortex as a whole. It is proposed that the problem be
treated essentially as an incompressible boundary layer problem, This is
an extens i on of the work of Hall (7) in order to deal with an axi-synnetric
i
vortex as a whole instead of just the inner core region. This extension
of Hall's work is very similar to solving the boundary layer problem over
spinning bodies (9). The axisymmetric incompressible Navier-Stokes equa-.
tions will be reduced to boundary layer type equations (7) with the outer
boundary conditions of zero tangential velocity at the outer edge.
3
The true tip-vortex is not axisymmetric but it is felt that the assump-
tion of axisymmetry is close enough so-that a realistic solution can be ob-
tained. If the axisymmetric assumption is not made, one is forced to solve
elliptic type partial-differential equations as opposed to-the parabolic type
0
h
(boundary layer type). The elliptic-type equations are much more difficult
to solve and, therefore, it was felt that as a first approximation the axisym-
metric case would be solved. In addition, eddy viscosity will be introduced
in the turbulent equations of motion in an effort to obtain a solution. Wind
tunnel data will be used to determine this eddy viscosity model.
S
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6SPECIFICATIONS FOR AN INSTRUMENTATION
M4GNETIC TAPE RECORDER SYSTEM
1. Scope
This magnetic tape record/ reproduce system will be used as a part of a
data acquisition system to accept and record data from a series of split —
film wind sensors. The recorder shall be capable of recording on 14 tracks
but shall onl y be equipped with direct record/reproduce electronics for three
tracks. It hall be capable of handling 15 inch reels of 1 inch wide 1 mil
thick tape.
2. Technical Specifications
2.1 Tape Transport
2.1.1 Magnetic tape capacity . . . . . . . . . . .10,800 ft
1 inch 1 mil thick tape.
2.1.2 Tape speeds
	
. . . . . . . . . . . . . . . .120,60,30,15,
7 112, 3 3/4 ips
2.1.3 Tape Speed Accuracy . . . . . . . . . . . .±.25% of nominal
2.1.4 Flutter . . . . . . . . . . . . . . . . . .0.35% p-p, 0.2 Hz
to 2.5 K Hz at 15 ips
2.1.5 Jitter . . . . . . . . . . . . . . . . . . 	 15 i ps, 0.6 mi crosec
at 0.1 msec and 5
msec at 1 msec
2.1.6 End of tape and tape breakage sensor required.
2.1.7 Tape footage counter required.
2.2 Direct Electronics
2.2.1 Signal to noise ratio
40 db or better, 300 Hz to 300 K Hz
3
f
ie
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2.2.2 Total harmonic distortion less than 1/2q
2.2.3 Input sensitivity 0.15 to 10 V rms cont. adj.
2.2.4 Input Impedance 1 K ohms minimum
2.2.5 Output level adj. to 1 volt into 1000 ohm
2.2.6 Equalizers for 60, 30, 15 ips
2.3 Voice Channel Recording
2.3.1 Edge-track recording for voice identification required.
2.3.2 Integral microphone and loud speaker required.
2.4 System
2.4.1 Input voltage 115 V +10%
2.4.2 Input Frequency 60 Hz
is
6SPECIFICATIONS FOR AN FM DATA MULTIPLEXING SYSTEM
AND AN FM DISCRIMINATOR SYSTEM
1. Scope
The multiplexing system shall accept 14 channels of analog voltage data
and provide two channels of FM data suitable for recording on direct record
1
channels of a magnetic tape recording system. The discriminator system shall 	 33
accept a single channel FM signal from the recording system and provide seven
channels of tape speed compensate, analog voltage as output. Input and out-
put mating connectors and necessary interconnecting cables shall be supplied.
2. Technical Specifications
2.1 FM Multiplexing System
2.1.1 Center Frequency
Two sets of 7 voltage controlled oscillators shall be supplied.
Each set shall contain units for IRIG bands 11, 12, 13, 14, 15, 16,
and 17.
2.1.2 The outputs from each of the VCD units in a set shall be mixed
to provide a single output.
2.1.3 A reference oscillator shall feed both sets of VCO units.
2.1.4 Deviation: +7.5%
2.1.5 Frequency Response: DC to 10 KHz
2.1.6 Zero Stability
2.1.6.1 Time: +0.01% for a 24 hour period
2.1.6.2 Temperature: +0.005% of center frequency per °C
2.1.6.3 Line: +0.01% of center frequency for 10% change
in line voltage.
2.1.7	 Deviation Stability
2.1.1.1 Time: +0.1^ of band width for 24 hours after 30
-15-
-16-
minute warmup.
2.1.7.2 Temperature: +0.01% of band width per °C
4.1.7.3 Line: +0.01% of band width for +10% change in
line voltage.
2.1.8 Linearity: +0.025% of full band width
2.1.9 Subcarrier Distortion: All harmonics down 40 db for
deviations up to +7.5%
2.1.10 Amplitude Modulation: Less than 1 db for full band width
deviation with a channel modulation index of 5.
2.1.11 Deviation Polarity: Positive-going input produces an in-
crease in frequency.
2.1.12 Input Configuration: Single-ended
2.1.13 Input Range: +2.5 volts fixed range
2.1.14 Input-Signal Polarity: With zero volts input, an internal
switch shall permit positioning carrier at band center, lower band
edge, or upper band edge.
2.1.15 Input Impedance: 10 megohms shunted by less than 100 pf
2.1.16 Output Summed Voltage: +5 volts
2.1.17 Output Impedance: 250 ohms or less
2.1.18 Channel Frequency Selection: Plug-in establishes center
frequency.
2.1.19 Reference Oscillator
2.1.19.1 Frequency: 50KHz
2.1.19.2 Accuracy: +0.01% at 25°C
2.1.19.3 Stability: ±0.01% from 0°C to +30°C
2.1.19.4 Harmonic Distortion: 0.5%
fA
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2.1.19.5 Output Level: 2 volts rms nominal
2.1.19.6 Output Impedance: k kohm
2.1.20 Power Supply and Mounting: Each set of VCO shall be mounted
in a standard 19" rack adapter and provided with an integral power
supply operating from 115 V AC +10, 50/60 Hz.
2.2	 FM Discriminator System
2.2.1
	 Center Frequency: One set of FM discriminators shall be pro-
vided. It shall contain units for IRIG bands 11, 12, 13, 14, 15, 16,
and 17.
2.2.2	 Deviation: +7.5%
2.2.3	 Zero Stability
2.2.3.1 Time: Drift less than +0.01% of center frequency
for 24 hours after a 15 minute warmup for frequencies up to
300 K Hz.
2.2.3.2 Temperature: Drift less than +0.005% of center
frequency per degree C; +0.003% of center frequency per
degree C on special order.
2.2..3.3 Line: Drift less than +0.01% of center frequency
for +10% line-voltage change.
2.2.4	 Deviation Stability
2.2.4.1 Time: Drift less than +0.1% of bandwidth for 24
hours after a 15 minute warmup..
2.2.4.2 Temperature: Drift less than +0.03% of band width
per degree C.
2.2.4.3 Line: Drift less than +0.1% of band width for +10%
line-voltage change.
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1
2.2.5 L in
_arity: Within +0.025% of full band width from best
straight line.
i
2.2.6 Deviation Polarity: Positive.
	 3
2.2.7 Input Level: Standard: +1.5 v rms.
2.2.8 Input Impedance: Greater than 100,000 ohms shunted by
less than 50 pf for all frequencies.
2.2.9 AM Rejection: Within the specified input-signal range, a
20-db step change in level will produce less than 1% of bandwidth
peak output transient for a channel modulation index of 5.
2.2.10 Low-Frequency Mode: Provides a low source impedance, high-
current output for data frequency response to 10 K Hz.
2.2.10.1 Frequency Response: DC to 10 K Hz.
2.2.10.2 Output Level: +10 volts for full deviation.
2.2.10.3 Output Current: +100 ma maximum load current.	 A
2.2.10.4 Output Impedance
	
Less than 0.5 ohms for any	 1
output-level setting'.
2.2.11 Noise: Less than 0.03% of RMS signal (-70 db) for channel
deviation ratio = 5, and 0.08% (-62 db) for channel deviation
ratio = 2, independent of output-level setting.
2.2.11.1 Capacitive Loading: Up to 0.01 fd at any output-
level setting.
2.2.12 Output Limiting: Output is limited to 150% of voltage cor-
responding to full deviation at any output level setting.
2.2.13 Output Protection: Damage will not result from shorting the
output to ground.
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2.2.14 Output Meter: Indicates location of subcarrier within the
band. Meter-scale ends correspond to lower and upper band edges.
6SPECIFICATIONS FOR A COMPUTER-CONTROLLED DATA ACQJISITION SYSTEM
1. Scope
This specification covers the minimum requirements for a computer-
controlled data acquisition system to accept six channels of analog data
and one channel of temperature data either directly from a Thermo-Systems
split film anemometer or by way of an instrumentation recorder. The data
i
will be converted to digital form and stored on magnetic tape. The data
stored on tape will then be converted to x,y, and z components of velocity
by the computer and stored on a second magnetic tape for ultimate process-
ing on an IBM 360 Model 65/50 computer. The system components shall be
completely interfaced and supplied with interconnecting cables. Mating
connections for inputs shall be supplied. The system shall be capable of
S
performing the computations outlined in section {.
2. Technical Specifications
2.1 General
The system shall be capable of accepting seven channels of analog data
and 32 bits of parallel time of day code. The system must be capable of
sampling the input data (7 channels) at a rate of 500 samples per second,
converting it to 12 bit binary words, and storing it, along with time of
day, on magnetic tape. Upon playback of the magnetic tape into the com-
puter, computations shall be initiated at a particular time of day and
computed results will be stored in the computer memory for recording in
blocks on a second magnetic tape with a minimum of record gaps. Two chan-
nels of digital to analog conversion, 8 bit, shall be provided for monitor-
ing of computed results on a customer-supplied strip chart recorder.
-20-
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2.2 Multiplexer ,nd A/D Converter
2.2.1	 Resolution . . . . . . . . . . . .. 9 11 bits and sign
2.2.2 Throughput Rate . . . . . . . . . . 35 KHz minimum
2.2.3 Number of Inputs . . . . . . . . . . 8 expandable to 64
2.2.4 Input Range . . . . . . . . . . . . +10 volts full scale
2,2.5 Maximum Source Impedance . . . . . . 1 K ohm
2.2.6 Aperature Time . . . . . . . . . . . IOU n sec
2.3 Time of Day Register
Register shall accept 32 BCD bits of time of day.
2.3.1 Voltage Levels
Binary "0"	 . . . . . . . . . . . . -10 +1 volt
Binary "1"	 . . . . . .	 . . . . . 04.3 volt
2,3.2 Input Impedance . . . . . . . . . . 2K ohm minimum
2.4 Computer
2.4.1 Memory
2,4.1.1 Type . . . . . . . . . . . magnetic core
2.4.1.2 Word Length . . . . . . . 16 bits
2.4.1.3 Size . . . . . . . . . . . 4096 words expandable
to 8192 words
2.4.1.4 Cycle Time . . . . . . . . 2 microsec maximum
2.4.1,5 Memory Parity . . . . . . not required
2.4.2 Direct Memory Access (if required for throughput rates
specified)
2.4.2.1 Transfer Rate . . . . . . 500 0 000 16-bit words/sec
2.4,2.2 Cycles Required to
Initiate Block Transfer . max of 6
2.4.2.3 Cycles stolen from program
per word transferred . . . 1
5
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2.5 Magnetic TAne Recorders and Controllers . . . 2 required
2.5.1	 Nt,,nber of Tracks 	 . . . . . . .	 . . 9
2.5.2	 DFnsity . . . . . . . . . . . . . . . . 800 bpi
2.5.3	 Speed . . . . . . . . . . . . . . . . . 37.5 i ps
2.5.4 Shall be DMA compatible
2.5.5 Shall be IBM compatible
2.6 D/A Converter
2.6.1 Number of Channels 	 2
2.6.2 Number of Bits/Channel . . . . . . . . 8 minimum
2.6.3 Voltage Output . . . . . . . . . . . . +10 volts
2.6.4 Output Current . . . . . . . . . . . . 2 MA at 10 volts
2.6.5 Accuracy . . . . . . . . . . . . . . . +40 M volts
2.6.6 Settling Time . . . . . . . . . . . . . 25 microsec to
rated accuracy
2.7 Teleprinter - ASR-33
3, Software
3
3.1 Assembler
3.2 Debugging Routine
3.3 Symbolic Editor
3.4 Diagnostic
3.5 Math Library
4. Cabinets and Mounting
All units except the teleprinter shall be furnished in standard 19" rack
mounts for mounting in customer supplied racks. Cabinets are not to be fur-
nished.
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5. Computations Required
Imputs: Six f'Ilm voltages, +0-10 volts
One thermocouple voltage, 0-10 volts
Time of day - 32 bit parallel
100 Hz information must be retained -- sample each channel at 500 Hz minimum.
Multiplexing rate = 7 x 500 = 3500 Hz.
a
Computation:
5.1 Heat Fluxes:
qll - K 11 E22
q 12 - K12
2
E12
q 13 - K 13
2
E13
q 21 - K 21
2
E21
q 22 = K22
2
E22
q 23 - K23
2
E23
5.2 Signs of Components:
S	 (q13	 q23)
X	 q 13 - q23
_ (q ll - q21)Sy	
q ll - q21
S	 (q l2 - q22)
Z	 q12 - q22
K11, etc., are calibration constraints,
all different approximately 0.01 ohm-1.
E ll , etc., are film voltages, 0 to 10 y
positive.
1% 1
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5.3 Temperature:
T = A + bX
	
X = thermocouple voltage, 0-10 volts
A, B are constants
5.4 Total Heat Flux per Unit Temperature Difference:
_ q ll + Q12
F 1	 T i - T
_ q 12 + q22
F 2	 T2 - T
_ q 13 + q23
F3	 T3 - T
T1, T2 , T3 are operating temperatures
of films.
T = Air temperature
3
5,5 Effective Velocities:
VE1 = a + bF l + cF^ + dF^ + eF^
VE2 = a + bF2 + cF2 + dF3 + eF4
VE3 = a + bF3 + cF3 +d F3 + e3
j'.
a,b,c,d, and a are constants.
Alternate:
F1 - C	 n
VEl	 D
F2 - C n
VE2 - —' D
F3-C n
VE3 -	 D
Ct D, n are constants.
I^
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5.6 Standard Velocity:
1)	 2	
] 1/2
V,i + VE2 + VE3
Vs
	
2 + K2
K = 0.2 if V s > 20 fps
K =	 0.9/2 if Vs < 20 fps
(Vs)
5.7 Velocity Magnitude
6
V (Ps)(T )Vs
s
Ps = 29.92 in Hg
Ts = 530°R
P = Atmospheric pressure
T = Air temperature
i°
5.8 Velocity Components: 1/21 w (VE1)2
Vx = 
SxV	
s
 1 _ K2
1 - ( Y 	2	 1/2E )
Vy = SyV
	s1K2
1	 (VE2)2	 1/2
Vs
Yz = SzV	
1 
K2
63
7
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5.9 Outputs
5.9.1 Record on Digital Tape:
V Vx Vy VZ T Time
5.9.2 Output, D/A, for Monitoring:
V, v  or V 	 or V 
0STATISTICAL ANALYSIS OF ATHOSPHFRIC TURBULENCE DATA
The outputs of the TSI 1080 tota l -vector anemometer will be digitized
at a rate of 400 samples per second. For each sample there are 7 bits of
information, 6 bits for calculation of the velocity components, and 1 bit
for the temperature. At each sample point, the velocity components ortho-
gonal to the three split-film sensing elements will be computed by
the computer of the data-handling system and subsequently recorded
on magnetic tape for entry into the IBM 360/50-65. Of interest are the
fluctuations in the frequency range of approximately 0.01 Hz to 100 Hz. As
a result, the sample time needs to be of the order of one-half hour to one
hour and the extremely low frequency variations of less than 0.01 Hz need
to be filtered out. Editing of the recorded data will be necessary in order
to realize whether or not the recorded data are suitable for digital analysis.
After this decision is made, the first order of business is to transform the
velocity components to the components of a Cartesian coordinate system with
one horizontal axis in the direction of the mean-wind vector, the second axis
normal to this direction in the horizontal plane and the third axis vertically
upward. This can be done by multiplication of the velocity components in the
sensor oriented coordinate system by two 3 x 3 matrices. The first matrix
describing the rotation which is required to get two coordinate axes in the
horizontal plane and the second matrix describing the rotation which is re-
quired to get one axis in the direction of the mean wind-vector. This process
will be executed for a set of sub-series (called data blocks) making up the
entire sample. The block size will depend on the lowest frequency of inter-	 I
est and on the low-frequency variations present in the sample which need to
-27-
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be filtered out in order that the time series of each block can be assumed
to be stationary. Statistical averages such as mean and variance of each
block as well as joint properties of data from two blocks from two differ-
ent time series can now be calculated. Averaging of statistical quantities
of each block or sets of blocks can be used to obtain sample averages of
these quantities. Power spectral density functions for each individual
block and cross-correlation functions of corresponding sets of blocks will
be obtained accorO ng to the Flexible Fast Fourier Transform (FFFT) method
as described by R.R. Stoner in "A Flexible Fast Fourier Transform Algorithm."
This method is a generalization of the fast fourier transform methods but
has greater flexibility in data handling and gives a reduction in the com-
putation time. Figure 1 shows a flow diagram for the statistical analysis
of the atmospheric turbulence data.
1
n
6INPUT
DETERMINATION OF THE _SAMPLE _RATE AND RFCORD LENGTH
DETERMINATION OF THE BLOCK SIZE
BLOCK, B = 1
3
DETERMINATION OF THE MEAN-WIND DIRECTION
TRANSFORMATION OF THE THREE COMPONENTS INTO ALONG WIND u, CROSSWIND
y AND VERTICAL COMPONENT w
4_
DETERMINATION OF THE MEAN VALUES OF THE THREE COMPONENTS (U,V,W) OF
EACH BLOCK
DETERMINATION OF THE ROOT MEAN SQUARE VALUES OF THE THREE FLUCTUATING
COMPONENTS (u',v;w) OF EACH BLOCK
DETERMINATION OF THE	 DETERMINATION OF THE
AUTOCORRELATION FOR	 CROSS SPECTRAL DENSITY
EACH BLOCK	 FUNCTION FOR TWO CORRES-
PONDING BLOCKS
DETERMINATION OF THE	 DETERMINATION OF THE
SPECTRAL DENSITY FUNC-	 CROSS SPECTRAL DENSITY
TION FOR EACH BLOCK	 FOR TWO CORRESPONDING
BLOCKS
DETERMINATION OF COHERENCE
FUNCTION FOR TWO CORRESPONDING BLOCKS
B = B+1	 IfB=M
M = TOTAL NUMBER OF
BLOCKS IN SAMPLEI
DETERMINATION OF THE AVERAGE VALUES OF THE STATISTICAL_ PA{ N-IFTERS,
E,G., MEAN	 ROOT MEAN
	 ETC. OF ENTIRE RECORD
OUTPUT
i
3
N
Figure 1. Flow f'11art for Analysis of Atmospheric Turbulence Data
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